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FEED ASSEMBLY FOR DUAL-BAND 
TRANSMIT-RECEIVE ANTENNA 

FIELD OF INVENTION 

[0001] The ?eld of the invention generally relates to a sat 
ellite transmitting and receiving unit and more particularly, to 
systems, methods and devices for a Ka-band transmitter 
receiver con?gured to operate in conjunction With a Ku-band 
receiver. 

BACKGROUND OF THE INVENTION 

[0002] With the expansion of telecommunications, Wire 
less technology, and various information systems, a greater 
number of operational frequencies are needed to meet 
expected demand. The Ka-band is a relatively neWly released 
satellite transmission frequency, deployed to accommodate 
this groWing demand. It is assigned to a frequency range from 
about 20 GHZ to about 30 GHZ, Wherein the reception occurs 
at about 20 GHZ and the transmission occurs at about 30 GHZ. 
[0003] Ku-band is a relatively standardiZed satellite trans 
mission frequency and has been one of the standards used for 
some time. It operates in about the 12 GHZ range. One dis 
advantage With the Ku-band frequencies is that it is becoming 
less and less available as demand continues to soar in the 
telecommunications arena, i.e. the available usable frequen 
cies are diminishing. It should be appreciated though that 
future technology Will not merely dispense With the “aging” 
frequency because many systems Will still rely on the Ku 
band long into the future. 
[0004] It is anticipated in the near future that a number of 
Ka-band satellites Will be launched. A primary purpose for 
the dissemination of these Ka-band satellites is to provide, for 
example, broadband data services to homes and small busi 
nesses as Well as address the groWing limitations on the 
Ku-band frequencies, as mentioned above. A number of ser 
vice providers actively developing this broadband service 
offering, have de?ned a need for a loW cost, ef?cient ground 
terminal that can be used for a Ka-band service and at the 
same time may receive standard Fixed Satellite Service (FSS) 
and Direct Broadcast Satellite (DBS) Services operating in 
the International Telecommunications Union (ITU) de?ned 
Ku-band spectrum. This dual Ka-band receiving/transmitting 
functions along With the Ku-band receiving function is more 
generally referred to as a tri-band con?guration. 
[0005] At this time a number of technical solutions are 
under development or are being proposed, and most 
approaches do not meet the aggressive cost targets because of 
the prohibitive nature in developing units that operate to 
receive and transmit Ka-band satellite signals and also receive 
Ku-band signals. In one example, a co-axial feed comprising 
a feed horn is used as the solution to the tri-band con?guration 
and is described by the Raytheon Company’s, 6,720,933 
patent. HoWever, the con?guration disclosed in Raytheon’s 
patent requires very tight and precise tolerances. These toler 
ance requirements make the unit cost prohibitive in a mass 
marketing scheme, i.e. to be able to provide the units to the 
general public at a loW cost. 
[0006] Another example, described by the 6,512,485 patent 
and assigned to WildBlue Communications, Inc., describes a 
tri-band re?ector that encompasses a dichroic subre?ector. In 
essence, the dichroic subre?ector alloWs certain frequencies 
to ?lter through While re?ecting others. Such a con?guration 
alloWs the loWer Ku-band frequency to pass through While 
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re?ecting the higher frequency Ka-band signals. HoWever, 
this invention is also subject to very tight and precise manu 
facturing tolerances. Therefore the Wild Blue embodiments 
are also someWhat cost prohibitive in nature on a mass mar 

keting level. 
[0007] In still another example, some manufacturers 
attempt to utiliZe certain characteristics of folded optics to 
assemble a combination Ka-band/Ku-band transmitter-re 
ceiver. In general folded optics incorporate dual re?ecting 
dishes and may also take into account the bene?t of dual focal 
points. This also technology suffers from the same limitations 
as the above mentioned art. That is, the technology requires 
signi?cant precision and tight tolerances that are generally 
too expensive to incorporate into a mass produced product 
that is attempting to satisfy the needs of a general public. 
[0008] Therefore, a need exists for a loW cost ground ter 
minal con?gured to transmit or receive Ka-band satellite sig 
nals to provide, for example, broadband data services to 
homes and businesses, and at the same time, be able to receive 
standard FSS and DBS Services operating in the ITU de?ned 
Ku-band spectrum. 

SUMMARY OF THE INVENTION 

[0009] While the Way in Which the present invention 
addresses the disadvantages of the prior art Will be discussed 
in greater detail beloW, in general, the present invention pro 
vides for a Ka-band transmitter-receiver that operates in con 
junction With a Ku-band receiver that can offer signi?cant 
advantages to the user, Which the prior art does not address. 
[0010] For example, in accordance With various embodi 
ments of the present invention, a tri-band feed comprises a 
commonly available dielectric loaded Ka-band transmit/re 
ceive feed and an array of phase combined, patch receiving 
antennas operating at the Ku-band frequencies. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] The subject matter of the present invention is par 
ticularly pointed out and distinctly claimed in the concluding 
portion of the speci?cation. A more complete understanding 
of the present invention, hoWever, may best be obtained by 
referring to the detailed description and claims in connection 
With the draWing ?gures, Wherein: 
[0012] FIG. 1 illustrates a front vieW of a Ka-band trans 
mitter-receiver amidst a circular array of Ku-band patch 
receiving antenna elements, in accordance With an exemplary 
embodiment of the present invention; 
[0013] FIG. 2 illustrates a side vieW of a tri-feed Ka/Ku 
band transmitter-receiver unit, in accordance With an exem 
plary embodiment of the present invention; 
[0014] FIG. 3 illustrates an exemplary embodiment of the 
present invention depicting the patch pattern With a center 
patch and an off center phase steered Ku-band receiver; and 
[0015] FIG. 4 illustrates an exemplary graph depicting the 
differences in gain betWeen a patch array Without a center 
patch and a patch array With a center patch, in accordance 
With an exemplary embodiment of the present invention. 

DETAILED DESCRIPTION 

[0016] The folloWing description is of various exemplary 
embodiments of the invention only, and is not intended to 
limit the scope, applicability or con?guration of the invention 
in any Way. Rather, the folloWing description is intended to 
provide a convenient illustration for implementing various 
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embodiments of the invention. As Will become apparent, vari 
ous changes may be made in the function and arrangement of 
the elements described in these embodiments Without depart 
ing from the scope of the invention as set forth in the 
appended claims. For example, in the context of the present 
invention the apparatus hereof ?nds particular use in connec 
tion With a circular array of a number of Ku band receiving 
patch antennas surrounding a Ka-band receiver-transmitter 
system. HoWever, generally speaking, other con?gurations of 
the Ku/Ka-band transmitter-receivers may be suitable for use 
in accordance With the present invention. 
[0017] In an exemplary embodiment of the present inven 
tion and With reference to FIG. 1, tri-band system 100 com 
prises a circular array of patch antennas 110, con?gured to be 
properly oriented and/ or phase aligned to receive a Ku-band 
transmission. In the middle of the circular array of patch 
antennas 110, tri-band system 100 may also be con?gured to 
incorporate a Ka-band transmitter-receiver 120. 
[0018] In an exemplary embodiment and With reference to 
FIG. 2, tri-band antenna system 200 comprises, as brie?y 
mentioned above, a number of Ku-band patch antennas 210, 
in combination With a Ka-band receiver-transmitter. Tri-band 
system 200 may also comprise other electronic elements to 
support the tri-band system. For example, system 200 may 
comprise a Ku-band loW noise block (LNB) 240, a Ku-band 
printed Wire board (PWB) 230, a loW noise ampli?er (LNA) 
not shoWn, an interconnect 260, and/ or a protective cover 270. 

[0019] Ku-band patch receiving antenna 210 is generally 
con?gured to receive a transmission signal Within the Ka 
band signal range, and can comprise any con?guration to that 
purpose, noW knoWn or herein after devised. In one aspect, 
patch antenna 210 comprises a square conductor mounted 
adjacent to a ground plate. The dimensions of the square may 
be roughly 1/2 the receiving Wavelength. For example, if the 
operating frequency of a satellite is 12.2 GHZ then half of a 
Wavelength is about (3.0><l08/l .22><l01O)*0.5 and the result 
ing dimension is approximately 12 mm. The insulating space 
betWeen the square conductor and the ground plate may be 
air. In one exemplary embodiment of the present invention, 
other exemplary patch antennas may also comprise a Te?on 
based dielectric circuit board material With a slightly higher 
dielectric constant. The slightly higher dielectric constant 
alloWs the patch to be slightly smaller. One exemplary circuit 
board may comprise RO4003, manufactured by the Rogers 
Corporation. 
[0020] Continuing With FIG. 1, the pattern and/or con?gu 
ration of patch antennas 110 may be con?gured to improve 
reception of the Ku-band signal. For example, the array of 
antenna elements may be arranged to provide adequate 
antenna gain and reduce unWanted sidelobe (off axis) gain. 
Additionally, the placement and spacing of the patch ele 
ments may be optimiZed using electromagnetic ?eld simula 
tors, in accordance With standard phased array antenna design 
methods. HoWever, it should be appreciated that patch anten 
nas 110 may be con?gured in any geometric fashion that 
alloWs a Ku-band signal to be received. The patches are 
a?ixed, in one exemplary embodiment, to printed Wiring 
board (PWB) 130, Which is sometimes referred to as a printed 
circuit board (PCB). 
[0021] As brie?y mentioned above, tri-band system 100 
may comprise PWB 130. PWB 130 may further be a base to 
Which electronic components may be a?ixed. PWB 130 may 
be formed of various materials, such as: ?berglass (glass 
epoxy), paper epoxy, bakelite plastic, and/ or the like material. 
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The boards are typically drilled With 0.8 mm holes at 0.1 inch 
(2.54 mm) intervals. This hole pattern may completely cover 
the boards from edge to edge. On one side of the boards and 
centered around each hole is usually a copper layered “land” 
or “pad.” As components, such as patch antennas 110, are 
placed upon the board, opposite the copper layered side, the 
components leads are placed through the holes and the Wires 
soldered. In one aspect, the copper layering may be pre 
soldered (tinned) to make soldering easier. 
[0022] With reference to FIG. 2, in an exemplary embodi 
ment, PWB 230 may comprise one or more loW-noise ampli 
?ers (LNA’s). The LNA may be con?gured to optimiZe noise 
?gure performance by providing an input matching circuit 
betWeen the element and the LNA device. The LNA’s may be 
con?gured to amplify a signal received by patch antennas 
210, Without adding signi?cant excess noise. By doing so, the 
remaining electronic components may manipulate the 
enhanced signal for subsequent use. Several suitable LNA 
devices are commercially available. One example of a suit 
able LNA device is a NE3210, manufactured by the NRC 
Corporation. It should be appreciated that other components 
comparable to a NE3210 device may be used to enhance a 
signal. 
[0023] As the Ku-band signal is received by the patch array, 
the patches may be oriented and/or phase aligned. The signal 
is then directed to a Ku-band LoW Noise Block (LNB) 240 
sometimes referred to as a LoW Noise Block DoWn converter. 
One example of a LNB is a US Monolithics part, part number 
USMLNBKu6DLF02l54. One purpose of LNB 240 may be, 
for example, to amplify and covert the received signal to a 
loWer frequency. For example, Ku-band patch receivers 110 
may receive a signal Within approximately the 12 GHZ range; 
hoWever, this frequency may be too high for subsequent pro 
cessing and use by the other electronic components. Thus, 
LNB doWn converter 240 may convert the signal to a more 
usable frequency. Although described herein as a LNB, other 
types of components may be con?gured to provide ampli? 
cation and frequency conversion. In another example, other 
suitable loW cost mixers and local oscillators may be used for 
this application. 
[0024] In an exemplary embodiment of the present inven 
tion, the tri-band unit may comprise connectors 260 to con 
nect an indoor unit to Ka-band transmitter 220. Connectors 
260 may also comprise a connection from Ka-band and Ku 
band LNB’s 240 to an indoor unit. 

[0025] Connectors 260 provide a conduit for the signals 
betWeen tri-band unit 200 and an indoor operating unit, not 
shoWn. In one aspect of the present invention, standard co 
axial cables, not shoWn, are used to connect, for example, an 
“F” connect 260 to an appropriate indoor unit. An “F” connect 
may be used because of its loW cost and because it is Well 
knoWn in the art of cable TV. Although connector 260 may be 
described herein as an “F” connect, other types of connectors 
may be used. For example, other types of suitable connectors 
may comprise an “N” connector, an “SMA,” or any other 
suitable RF connector. 

[0026] As brie?y mentioned above, and returning to FIG. 1, 
in an exemplary embodiment tri-band unit 100 may comprise 
a combination Ka-band transmitter/receiver (Ka-transceiver) 
120. Ka-transceiver 120 may be con?gured to be situated 
Within the center of the circular array of Ku-band patch anten 
nas 110, best vieWed by FIG. 1. In one exemplary embodi 
ment Ka-band transceiver 120 may also comprise a LNA 
and/or a LNB to provide a similar function as the LNA and 
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LNB of Ku-band patch antenna 110. In one example, a com 
mercial Ka-band transceiver 120 comprises US Monolithics 
part, part number TXR29303W. 
[0027] In another exemplary embodiment of the present 
invention, and best seen in FIG. 3, Ka-band transceiver 320 
may be off center from the circular array of patch antennas 
310. In this embodiment, tri-band system may further com 
prise an additional patch antenna that occupies the center 
position. In this manner, Ku-band patch receivers 310 may 
operate at a higher ef?ciency than an array of patch antennas 
Without a center patch. For example, and With reference to 
FIG. 4, a graph depicting the gain from a Ku-band receiver 
With a center patch and one Without a center patch is shoWn. 
The graph indicates that the gain is higher for a con?guration 
that incorporates a patch array containing a center patch 
rather than an array Without a center patch. The graph also 
demonstrates that the side lobes are signi?cantly loWer for the 
array containing a center patch (curve 401) than an array 
Without a center patch (curve 402). 
[0028] Continuing With off center Ka-band transceiver 320, 
the signals are received and transmitted from the off-center 
feed horn by designing the horn to radiate energy in a slightly 
asymmetric fashion thereby still illuminating the re?ector 
evenly. This is also knoWn as “beam steering.” This con?gu 
ration alloWs Ku-band transceiver 320 to incorporate a “cen 
ter” patch antenna and thus improve Ku-band signal reception 
Without degrading the Ka-band antenna performance. 
[0029] In an exemplary embodiment of the present inven 
tion, With momentary reference to FIG. 2, tri-band unit 200 
may comprise a cover to protect the unit. During use, tri-band 
unit 200 may be con?gured to be installed in an outside 
environment to receive overhead satellite transmissions. As 
such, unit 200, and especially the electronic components, is 
subject to damage by the environment, such as, rain, snoW, 
sleet, hail, smog, UV rays, etc. In general, to protect unit 200 
from such adverse elements, cover 270 may comprise a plas 
tic, for example a polycarbonate, to use for the covered pro 
tection. In an exemplary embodiment, the plastic cover gen 
erally comprises a highly durable material to protect the 
components from the natural elements as Well as any harmful 
UV Waves. Cover 270 may be hemispherical in nature and 
comprised to not interfere With either the reception or trans 
mission of signals. In addition, a thermoset, thermoplastic, 
composite, or the like material that can reasonably protect the 
unit from the elements may also be contemplated by the 
present invention. Moreover, While in an exemplary embodi 
ment, cover 270 is hemispherical in nature, it may comprise 
other geometric con?gurations that still alloW tri-band unit 
200 to operate effectively, but also protect unit 200 from the 
elements. 

[0030] In an exemplary embodiment of the present inven 
tion, and With reference to FIGS. 1 and 3, tri-band unit 100 
comprises any con?guration that alloWs Ku-band receiving 
patch antennas 110 to be con?gured in combination With 
Ka-band transceiver 120. For example, the herein described 
exemplary embodiments discuss a circular array of Ku-band 
patch antennas 110 With a center occupying Ka-band trans 
ceiver 120. Another embodiment discusses a circular array of 
patch antennas 310 With a center patch antenna and an off 
center Ka-band transceiver 320. HoWever, other con?gura 
tions may exist that operate in a similar fashion, and take 
advantage of Ku-band receiving patch antennas 310 in com 
bination With Ka-band transceiver 320. Patch antennas 310 
may comprise other geometric con?gurations, for example, 
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hexagonal, octagonal, rectangular, pentagonal, and the like 
shapes. In still another con?guration, Ka-band transceiver 
320 may comprise something other than a centered or off 
centered con?guration. For example, Ka-band transceiver 
320 may be located along the perimeter of the unit, be 
attached tangentially to the unit, or be inside or outside a 
geometric array of patch antennas 310. 
[0031] Lastly, various principles of the invention have been 
described in illustrative embodiments. HoWever, many com 
binations and modi?cations of the above-described struc 
tures, arrangements, proportions, elements, materials and 
components, used in the practice of the invention, in addition 
to those not speci?cally described, may be varied and particu 
larly adapted to speci?c environments and operating require 
ments Without departing from those principles. 

We claim: 
1. A tri-band unit for transmitting and receiving satellite 

signals comprising: 
a Ka-band transceiver con?gured to send and receive Ka 

band signal frequencies; and 
a Ku-band receiver patch antenna con?gured to receive 

Ku-band frequencies. 
2. The system of claim 1, Wherein said Ku-band receiver 

patch antenna comprises an arranged array of patch antennas 
that are positioned a constant distance about a central point. 

3. The system of claim 1, Wherein said Ka-band transceiver 
is centered Within said array of Ku-band receiver patch anten 
nas. 

4. The system of claim 3, Wherein said Ka-band transceiver 
further comprises a feed horn. 

5. The system of claim 1, Wherein said Ku-band receiver 
patch antenna further comprises an array of at least tWo Ku 
band receiver patch antennas. 

6. The system of claim 5, Wherein said Ka-band transceiver 
is positioned off center and Within said array of said at least 
tWo Ku-band receiver patch antennas, and said Ka-band 
transceiver phase adjusts the signal for optimum transmission 
or reception. 

7. An antenna con?gured to transmit and receive signals 
Wherein said antenna comprises both a Ku-band receiver and 
a Ka-band transceiver; Wherein said Ku-band receiver com 
prises an array of patch antennas. 

8. The antenna system of claim 7, Wherein said array com 
prises a circular array of patch antennas. 

9. The antenna system of claim 8, Wherein said Ku-band 
receiver and said Ka-band transceiver are focused at a com 
mon re?ector. 

10. The antenna system of claim 9 Wherein said Ka-band 
transceiver is centered Within said circular array of patch 
antennas. 

11. The antenna system of claim 10, Wherein said Ka-band 
transceiver further comprises a feed horn. 

12. The antenna system of claim 7, Wherein said array 
comprises a circular array of patch antennas and a patch 
antenna centered Within said circular array of patch antennas. 

13. The antenna system of claim 12, Wherein said Ka-band 
transceiver is positioned off center Within said circular array 
of patch antennas. 

14. A multi-band feed assembly for transmitting and 
receiving radio frequency signals comprising: 

a feed horn con?gured to send and receive a Ka-band 
signal; 
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an array of patch antennas in a concentric pattern around 
said feed horn, said array of patch antennas con?gured to 
receive a Ku-band signal; and 

Wherein said feed horn and said array of patch antennas are 
focused at a common re?ector. 

15. The multi-band feed assembly of claim 14, further 
comprising a cover to protect said feed horn and said array of 
patch antennas. 

16. A multi-band feed assembly comprising: 
a ?rst feed comprising a feed horn; and 

a second feed comprising an array of patch antennas 
around said feed horn; 

Wherein said array of patch antennas and said feed horn are 
a?ixed to a common base; 

Wherein said ?rst feed and said second feed are con?gured 
to share a common re?ector; 

Wherein said multi-band feed assembly does not comprise 
a dichroic subre?ector. 
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17. The multi-band feed assembly of claim 16, Wherein 
said feed horn is positioned off center of said array of patch 
antennas. 

18. The multi-band feed assembly of claim 16, Wherein 
said common base further comprises a printed Wiring board. 

19. The multi-band feed assembly of claim 16, Wherein 
said feed horn and said array of patch antennas are orientated 
in a common direction. 

20. A multi-band feed assembly comprising: 
a re?ector; 
a feed horn having an electrical aperture; 
an array of patch antennas surrounding said feed horn; 
Wherein said feed horn is located such that said electrical 

aperture is at a focal point of said re?ector; and 
Wherein said feed horn communicates a Ka-band signal 

With said electrical aperture at said focal point of said 
re?ector, and Wherein said array of patch antennas 
receives a Ku-band signal from virtually the same loca 
tion as said focal point of said re?ector. 

* * * * * 


